Objective. To assess in a bicentric study the current iodine status of schoolchildren, ten years after implementation of the universal salt iodization (USI) in Romania.
160.2 mcg/L in the Bucharest subgroup (p < 0.001). The total percentage of goiter in the studied subjects was 5.88%. Percentage of goiter, determined by adjusting ultrasound thyroid volume to sex and BSA, was 1.51% in Sibiu and 13.88% in Bucharest, a statistically significant difference (p = 0.011). None of the subjects showed ultrasonographic pattern suggestive of Hashimoto thyroiditis or macronodules. There was no statistically significant difference between the percentages of overweight or obesity in the two subgroups.
Conclusions. Ten years after implementation of USI in Romania, a bicentric study suggests that our country is iodine sufficient in urban areas. In order to prevent recurrence of mild iodine deficiency in schoolchildren, a persistent surveillance, use of sustainable measures and public awareness are required. Recurrence of mild iodine deficiency should be avoided, because even mild iodine deficiency impairs cognition in children.
INTRODUCTION
Iodine deficiency is the most common cause of preventable mental impairment worldwide (1) . Every child has the right to an adequate supply of iodine to ensure his (or her) normal development (2) .
Iodine is an essential micronutrient required for the synthesis of thyroid hormones. The main factor responsible for iodine deficiency is a low dietary iodine intake.
Goiter prophylaxis through salt iodization was first introduced in Switzerland and the United States in the early 1920s (3) .
Universal salt iodization (USI) was promoted at the World Summit for Children (New York, 1990) , as the main strategy for eliminating iodine deficiency. WHO recommends universal salt iodization, the fortification with iodine of all salt used for human and animal consumption. In iodine deficient areas, farm animals share their owners' deficiency and its consequences (lowered production of milk, eggs, meat and wool), which in turn further compromises the local economy (4) . As a consequence of USI, there is an increased productivity of chicken, pigs, sheep and cattle and the people who farm them gain financially (5) .
Programs against iodine deficiency disorders (IDD) had clear political appeal because its human, economic and social consequences could be averted by a low -cost intervention, universal salt iodization (3) .
In Romania, the law regarding USI was implemented in January 2003 (HG 568) and allows a continuous iodine prophylaxis. Different aspects of this topic (IDD) have been published in our country (6 -13) .
Endemic goiter occurred in different degrees throughout 2/3 of Romania territory, mainly in the Carpathian and sub-Carpathian areas (8) . Since the main underlying cause of iodine deficiency disorders (IDD) is essentially a reduced iodine content of the soil in mountains and hilly areas, a continuous iodine prophylaxis is a logical approach (13) .
The role of ICCIDD can be divided into the four stages that are necessary for the provision of technical support (communication, advocacy, implementation and sustainability): communication of the problem as a significant factor in human development at the population level, advocacy with agencies and governments, implementation of country programs and sustaining country programs (5) .
Salt represents one of the most important mineral resources of Romania. During the Roman Empire, soldiers were paid with sacks of salt. Salt industry plays a central role in iodine prophylaxis; the cooperation of salt industry in providing iodized salt of good quality is very important for sustainability of iodine prophylaxis (5) .
WHO recommends a daily iodine intake of 120 micrograms for schoolchildren (6 to 12 years) (14) .
Ten years after implementation of USI in Romania (January 2003), evaluation of the impact of USI on median urinary iodine concentration and goiter prevalence in schoolchildren was considered by us an important task.
AIM
The study assessed iodine intake in two subgroups of schoolchildren from different geographical regions of Romania (Bucharest and Sibiu) ten years after implementation of universal salt iodization. The first region was known with borderline iodine intake and the second one had iodine deficiency.
SUBJECTS AND METHODS
One hundred and two children aged between 6 and 11 years were included in the study: 66 children from Sibiu, an endemic area for iodine deficiency disorders and 36 children from Bucharest, previously borderline iodine intake area.
Anthropometric measurements were made for all subjects (weight, height). Body mass index (BMI) was calculated by the formula BMI = weight (kg)/(height (m) 2 and the total body surface area (BSA), by DuBois and DuBois formula: BSA = (weight (kg) 0.425 x height (cm) 0.725 ) x 0.007184. Iodine intake was assessed by determining the median urinary iodine concentration (UIC) in the two subgroups of children. Thyroid ultrasonography was used to measure thyroid volume.
Urine samples of morning urine were collected to measure urinary iodine concentration. The samples were then frozen at -20° C and sent for analysis at the Bucharest Institute for Mother and Child Care. Urinary iodine concentration (UIC) was determined by digestion with ammonium persulphate followed by Sandell -Kolthof reaction. The values were expressed in µg/L.
Thyroid ultrasound using a realtime ultrasound scanner (General electric Milwaukee Wisconsin, USA, Logiq 100 Pro) with a 7.5 MHz linear transducer was performed in all study subjects. The following ultrasound parameters were assessed: each lobe dimensions (anteroposterior, longitudinal and transverse diameters), echogenicity (isoechoic, hyperechoic or hypoechoic), presence/ absence of a thyroid nodule, thyroid nodule diameters.
Total thyroid volume was calculated by summing the volumes of each lobe, calculated using the formula:
where L is the longitudinal diameter, AP -antero-posterior diameter and Ttransverse diameter.
To assess the proportion of cases with goiter, thyroid volume was adjusted for sex and body surface area. Upper normal limit for thyroid volume was set at the 97 th percentile, as according to the third edition of the WHO guidelines, 1997.
The study was approved by the Local Ethics Committee. An informed consent from the parents was obtained. Statistical analysis of data was done using SPSS software. Statistical significance was expressed by a p value of less than 0.05. The Mann-Whitney test was used for non-normal data groups comparison. Chi-square test was used for categorical variables.
RESULTS
From the 102 children in the study group 59 were girls and 43 were boys.
Median UIC in the total number of samples was 175.2µg/L, reflecting a sufficient iodine intake, with statistically significant differences between the two geographic regions. The median UIC was 187.35µg/L in the Sibiu subgroup and 160.2µg/L in the Bucharest subgroup (p < 0.001) ( Table 1) .
There was no urinary iodine concentration below 20µg/L in the Sibiu subgroup. Urinary iodine values below 20µg/L were present in 2.77% of Bucharest children.
Moderate iodine deficiency, expressed by urinary iodine concentrations between 20 and 49 µg/L was present in 4.54% of Sibiu subjects and 2.77% of Bucharest subjects.
An adequate iodine intake expressed by UIC between 100 and 199 µg/L was present in 37.87% of subjects from Sibiu and in 44.44% of subjects from Bucharest (Table 2 and Fig. 1 ).
Percentage of goiter, determined by adjusting ultrasound thyroid volume to sex and BSA, was 1.51 in Sibiu and 13.88 in Bucharest, a statistically significant difference (p=0.011). The total percentage of goiter in studied subjects was 5.88 (Table 3) .
None of the subjects showed ultrasonographic pattern suggestive of Hashimoto thyroiditis. There were no nodules of over 1 cm diameter. One subject had a micronodule (5 mm) associated with goiter and without ultrasonographic pattern suggestive of malignancy.
There were no statistically significant differences between the median thyroid volume in the studied subgroups by sex and BSA except for the group of boys with a BSA of 1, where the median thyroid volume was higher in Bucharest (p = 0.01) ( Table 4 ; Table 5 ).
The percentage of children with overweight or obesity was 16.66 in Sibiu and 13.88 in Bucharest (Table  6 ). There were no statistically significant differences between the two regions (p = 0.712). To define overweight or obesity BMI values above the 95 th percentile for There were no statistically significant differences in median UIC between the regions in obese children (p = 0.99) and normal weight children (p = 0.32).
There were no statistically significant differences for goiter prevalence between obese and normal weight children (p = 0.276).
DISCUSSION
IDD is arguably the world's most common endocrine disease (4 approximately 50% of continental Europe remains mildly iodine deficient (14) . Iodine deficient communities are typically lower in intellectual attainment, work output and per capita income (4). The correction of iodine deficiency brings considerable economic benefits; in humans, productivity is increased, the quality of life is enhanced and children improve their performance at school (5) .
One meta-analysis has estimated that the intelligence quotient of iodinedeficient individuals is an average 13 points lower than that of iodine-sufficient peers (4). USI was promoted at the World Summit for Children (New York, 1990), where more than 70 heads of state included in their declared action plan the virtual elimination of iodine deficiency (15 Table 6 . Prevalence of obesity in the schoolchildren from the studied groups and Sibiu), but not a subnational study (102 schoolchildren). Subnational data from surveys with a sample of fewer than 100 individuals are excluded (16) . Four methods are generally recommended for assessment of iodine status: median urinary iodine concentration (UIC), prevalence of goiter in schoolchildren, neonatal serum TSH (> 5 mU/ml) and serum thyroglobulin (1) . These indicators are complementary, in that urinary iodine is a sensitive indicator of recent iodine intake (days) and prevalence of goiter reflects long term iodine nutrition (months to years) (3). In our study group, we used the first two complementary methods of assessment of iodine status mentioned above.
Urinary iodine concentration follows a circadian rhythm; because nadir of urinary iodine concentration is represented by morning spots, this might seem an appropriate collecting period (17) . In our study group, only morning urine samples were collected. Iodine deficiency is defined by WHO as mild if the population median UIC is 50 -99 µg/L, moderate if median UIC is 20 -49 µg/L and severe iodine deficiency if median UIC is less than 20 µg/L (18) .
Because > 90% of dietary iodine eventually appears in the urine, the urinary iodine concentration (UIC) is a biomarker of recent iodine intake; UIC can be measured in spot urine samples and is the recommended indicator for assessing iodine status in populations (16) .
The major dietary sources of iodine in countries where salt is iodized are bread and milk (18) .
According to the WHO, the median urinary iodine concentration in iodine-sufficient populations should be greater than 100µg/L and no more than 20% of the population should have urinary iodine concentrations below 50µg/L (19) . Goiter prevalence in schoolchildren above 5% and/or median urinary iodine concentration lower than 100µg/L defines iodine deficiency.
The median UIC in schoolchildren has been used to approximate the iodine status of the general population in countries where salt is the primary vehicle for iodine, because schoolchildren are a convenient population that is easy to reach through school based surveys (16) .
The WHO recommends reducing daily table salt (NaCl) consumption to 5g/day, equivalent to 2 grams sodium; as a result, restricting daily dietary salt consumption requires that iodine prophylaxis interventions be additionally modified (introduction of food products supplemented with iodine, such as milk and mineral water and representing modifying Poland's iodine prophylaxis program) (20) .
Mild iodine deficiency impairs cognition in children (18) . Australia is an industrialized country in which mild iodine deficiency has reappeared, after having been controlled for decades (14) . A cross -sectional study performed recently on UK schoolgirls revealed that UK is iodine deficient; a previous UK study (1995) revealed iodine sufficiency (18) . Consequently, it must be stressed that iodine deficiency is not only a problem of developing countries, but also affects many industrialized countries (such as Australia and UK) (14, 18) .
Iodine supplementation improves cognition in iodine-deficient schoolchildren (in Albania), using a randomized, double-blind, placebocontrolled design; compared with placebo, iodine supplementation significantly improved performance on 4 of 7 cognitive and motor tests: rapid target making, symbol search, rapid object naming and Raven's Coloured Progressive Matrices (21) . The adjusted treatment effect of 4.7 points on Raven's Coloured Progressive Matrices suggests that iodine repletion was associated with a small but significant increase in intelligence (21) . Because impaired learning and reduced school performance adversely affect a region's development, productivity and economic potential, these findings have particular relevance for policy makers and governments (21) . A study performed in New Zealand in 184 schoolchildren revealed that iodine supplementation (150 µg iodine daily, for 28 weeks) improves cognition in mildly iodine deficient schoolchildren; iodine supplementation improved perceptual reasoning in mildly iodine-deficient children and suggests that mild iodine deficiency could prevent children from attaining their full intellectual potential (22) .
Most obese schoolchildren had a higher iodine intake in comparison with those with a normal weight. A possible explanation for these higher values of urinary iodine concentration in obese schoolchildren could be an additional increase of iodine intake due to an excessive consumption of bread and other bakery products, which is traditional in Romania; in our country, bread is the staple food. According to some recent data from Romanian National Institute of Statistics, the mean amount of bakery products consumed per day in Romania is 546 grams; in contrast, in the great majority of European countries, the mean amount of bakery products consumed per day is around 300 grams.
Before USI implementation (2003), median UIC in Sibiu (in 2001) was decreased (around 50 µg/L) and median UIC in Bucharest (in 2003) was borderline (97.5 µg/L) (8) .
After a decade of USI, median UIC in the study group was 175.2µg/L, reflecting sufficient iodine intake, with statistically significant difference between the two subgroups: 187.35 µg/L in Sibiu and 160.2 µg/L in Bucharest.
We tried to explain the discrepancy between median urinary iodine concentration and goiter prevalence by at least one of the following: the involvement of overweight or obesity, of polychlorinated biphenyls (PCB), concomitant iron deficiency or occurrence of Hashimoto thyroiditis during USI.
-In a recent study, a positive correlation between urinary iodine concentration and overweight and obesity was revealed in schoolchildren (23) and could be explained by the availability and consumption of snack food rich in energy and iodized salt (23) . In our study group, the difference between the percentage of schoolchildren with obesity or overweight in the subgroups from Bucharest (13.88%) and Sibiu (16.66%) was not statistically significant. Consequently, the higher percentage of goiter in Bucharest subgroup (13.88%) versus Sibiu subgroup (1.51%) was not the consequence of obesity or overweight.
-Perhaps the most widespread global pollutants are polychlorinated biphenyls (PCB) (24) . Regarding the impact of thyroid disruptors on thyroid growth, it cannot presently be concluded that polychlorinated biphenyls (PCB) exposure has been convincingly shown to affect thyroid hormone homeostasis in humans; on the other hand, available data do not exclude such association (25). Evaluation of PCB in our study group (at least in those with goiter) was not possible.
-Iron deficiency adversely affects thyroid metabolism and may reduce the efficacy of iodine prophylaxis in areas of endemic goiter; iron supplementation improves the efficacy of iodized salt in goitrous children with iron deficiency, decreasing the prevalence of goiter (26) . In our study group, incidence of iron deficiency in goitrous schoolchildren was not evaluated.
-Increased iodine consumption is strongly implicated as a trigger for Hashimoto thyroiditis, but only in genetically susceptible individuals (27) . High-iodine thyroglobulin was more immunogenic than low-iodine thyroglobulin. Silent iodine prophylaxis has resulted in the elimination of iodine deficiency in Greece and has been accompanied by an increase in the prevalence of autoimmune thyroiditis (28) . It must be added that an ultrasonographic pattern suggestive of autoimmune thyroiditis was not revealed in the study group.
Consequently, the discrepancy between median urinary iodine concentration and goiter prevalence was not explained by involvement of obesity or overweight or by the occurrence of Hashimoto thyroiditis during USI.
Being one of the most polluted great cities from Europe, Bucharest is much more polluted than Sibiu; consequently, we can presume that the amount of PCB or other thyroid disruptors (in water, air or soil) might be significantly higher in Bucharest than in Sibiu and might contribute to some extent to the higher prevalence of goiter in Bucharest despite a normal median UIC.
In a previous study, the authors found the same discrepancy between median UIC (revealing iodine sufficiency) and the prevalence of goiter (suggesting mild iodine deficiency) (29) .
Because thyroid size decreases only gradually in response to iodized salt, goiter prevalence in children may be a poor IDD monitoring indicator for several years after the introduction of salt iodization (30) . The principal indicator for assessment of iodine status is the median UIC, because it is highly sensitive to recent changes in iodine intake (30) .
In conclusion, in our study group the median UIC was 175.2µg/L (reflecting iodine sufficiency) and the percentage of goiter was 5.88% (slightly higher than the normal range); according to Zimmermann (30) , this discrepancy could be interpreted as indicating iodine sufficiency. 
